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The kinetics of oxidation of monochloro-, dichloro-
and trichloroacetic acids by potassium permanganate
in aqueous sulphuric and perchloric acid solutions
have been studied. The order of reaction with respect
to potassium perrnanganate as well as chloroacetic
acids is one. The inadequacy of the different relations
correlattng the rate with the acid concentration is
brought out. Activation parameters have been deter-
mined and the mechanism proposed is in agreement
with the experimental observations.
ALTHOUGH a great deal of work has been doneI-3
on the kinetics of oxidation of various organic
compounds by potass ium permanganate, oxidation
of chloroacetic acids by this powerful oxidant has
received a little attention. The present note deals
with the kinetics of KMn04 oxidation of mono-
chloro-, dichloro-, and trichloroacetic acids.
Chloroacetic acids and perchloric acid used were
of Reidel quality and all other chemicals were of
BDH, Analar grade. Reactants were mixed and
the mixture was equilibrated at desired tem-
perature. Requisite volume of potassium permanga-
nate solution, previously equilibrated to desired
temperature was mixed with the above solution.
Aliquot (5 ml) of reaction mixtures were withdrawn
at suitable intervals and the unreacted oxidant
estimated iodometricallv.
The reactions were studied at 28°, 33°, 38°, 43°,
and 48° in the permanganate oxidation of all the
three chloroacetic acids.
It is observed that at constant concentrations
of sulphuric (or, perchloric) acid and the substrate,
the order of reaction with respect to perrnanganate
is one. Constancy of pseudo-first order rate cons-
tants, kI' has been observed for various [KMn04]'
The linear plots of rate constants versus respective
[chloroacetic acid] show that the order of reaction
with respect to the [substrate] is unity in both the
acid media.
Increase in acid (sulphuric or perchloric) con-
centration increases the rate of oxidation of chloro-
acetic acids (Table 1). In concentrated acid media
(>20%) Hil1n04 is the active oxidizing species
due to the protonation of oxidant3(b).
In the permanganate oxidation of these mono-,
di-, and tri-chloroacetic acids, either of the two
or both the Zucker-Hammetts plots+, i.e. (i) log
ki versus H, and (ii) log ki versus log [H+] are
linear. However, no Zueker-Hammett plots in
the present case show the ideal slope value of unity.
In view of these deviations from ideal slope
values of unity, applicability of Bunnetts hypo-
thesis" was tested. The slope values (<U*) for the
Bunnett 's plot of log kI-log [Acid] versus log
aH 0 were found to be 5·5, 3-4, 2·3 and 5'8, 3'5, 2·4
in 'sulphuric and perchloric acid media respectiv?ly
for mono-, di- and tri-chloroacetic acids. According
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to Bunnett's empirical observations these values
in both the acid media indicate that the water
molecule should act as a proton abstracting agent
in the rate determining sttp5.
The values of fllergy of activation (flE) for
monochloro-, dichloro- and trichloro-acetic acids
were found to be 13·50, 17·68 and 20·34 kcal mole-I,
in sulphuric acid medium and 13'96, 18·34 and
22·17 kcal mole+ in perchlcric acid medium, rcs-
pectively.
The following mechanism explains the experi-
mental results:
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where X=X'= H, X=H and X'= Cl, and X=X'
= Cl for monochloro-, dichloro- and trichloroacetic
acids respectively.
The above mechanism leads to the following
rate expression:
-d[M 0- J= KkI[Mn04J[Substrate][H+]
dt n" I+K[H+]
or
!=t~+J +B where A = l/k1·K and B = liki
In accord with the rate equation, the plot of
11k, the second order rate constant, against 1/[acidJ
is linear provided the [acid] > 3,0111.. The reactions
in dilute acid media where the formation of HMn04
is very small3(b), follow a different acid dependence.
The induced reduction of mercuric chloride" by
permanganate-substrate system in both the acid
media confirms that the free radicals responsible
for the reduction of Hg2+ ions should be produced
in this svstem,
The values of energy of activation support the
cleavage of O-H bond in the rate determining step.
Similar mechanisms for one equivalent oxidative
decarboxylations and similar order of activation
parameters have been reported by many workers+",
A number of reaction mixtures containing chloro-
acetic acid with appropriate concentrations of the
mineral acid have been studied at 28°C. Actual
concentration of the substrate taking part in the
TABLE 1- EFFECT OF VARYING (AcID] ON THE
REACTIONRATE
[[MnOiJ=13·33 X 10-'; temp.=28°Cj
[Acid] 105 X kI> see'?
xM
(H2SO.) (HCIO,)
[MONOCHLOROACETICACID]=O'25M
2·0 4'75
2·5 6'95
3·0 8·14 4·32
3·5 12-80 8'12
4·0 21·92 12·04
4·5 40·03 24·17
5·0 83-52 46·51
6·0
[DICHLOROACETICACID]=0'33M
2·0 4·51
2·5 5'70
3·0 7'48 5·11
3·5 10·52 7'13
4·0 16·47 10'26
4·5 23'28 15·26
5·0 34067 24-01
6·0 93'36 73·79
[TRICHLOROACETICACID]=0'33M
2·0
2·5
3·0 4·96 3'52
3·5 6'37 4-18
4·0 9·19 5·32
4'5 12'61 7·32
5·0 16·73 10'27
6·0 30'62 16·06
reaction has been deterrnined-t= and thus the
stoichiometry of the reactions is studied.
3CI-CXX'COOH+2MnO,+2H+--+ 3CI-CXX'OH+
2MnOa+3C02+H20
The dissolution of Mn02 is helped by moderately
concentrated acid media. The proposed mechanism
and stoichiometry is further supported by the
identification of the products. Chloro alcohols were
detected by their colour reactions given by Feigllo.
The rates of oxidation of chloroacetic acids in
the case of moderately cone. sulphuric and per-
chloric acid media by potassium permanganate are
in the order trichloroacetic acid-c.dichloroacetic
acid <mono chloroacetic acid.
The order of reactivitv is also in accordance
with the pK values of the respective chloroacetic
acids.
Sincere thanks are due to CSIR, New Delhi,
for the award of fellowship to one of us (J.M.S.R.)
and to Prof. M. M. Bokadia for his interest in the
work.
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The catalytic activity of mixed (AI1++Mn!+) ions
in the oxidation of isopropyl alcohol by Ce'+ has been
found to be hil1her than the sum total effect due to the
two catalysts taken separately. This is explained by
assuming that Mna+ reacts with AI1+-isopropanol
adduct in the rate determining step to aive the products.
HAVING studied the catalytic activity of Ag"(ref. 1) and Mn2+ (ref. 2) ions separately on
the oxidation of isopropanol, it Was thought worth-
while to find whether McCurdy and Guibault's
contentions that a mixture of two metal ions acts
as a better catalyst is applicable in the oxidation
of isopropanol by Ce(IV). In fact, the results
presented in this note show that the catalytic
effect of the mixture (Ag" + Mn2+) is greater
than the sum of the effects due to the two catalysts
taken separately. The methods employed to follow
the reaction rates were the same as described in
our earlier paper".
As observed earlier--s the order of reaction with
respect to [Ce(IV)] in the presence of (Ag" +Mn2+)
was one as revealed by the linear plots between log
(a/a-x) versus time (Fig. 1, curve A). The pseudo
first order rate constants (kobs) were calculated
from the slopes of these linear plots. The kobs
values increased with increasing [Ag++Mn2+]. How-
ever, the magnitude of kobs values in the presence
of the mixed catalyst was greater than the sum
of the kobs values in the presence of Ag" and Mn2+
ions, when taken separately under similar conditions
(Table 1).
TABLE 1 - EFFECT OF VARIOUSCATALYSTSON kobs IN THE
OXIDATION OF ISOPROPANOLBY CERIC SULPHATE
{[CeH]=0'OO4M; [H.SO.J=2·5M; [isopropanolj-e t-Oztf :
temp. = 50°C; fL= 8'0M}
[Catalyst]
mole litre"!
kobs X 103 (min-i) in the presence of
0'000
0·002
0·006
0·010
Ag+ Mn'+ Ag+-Mn2+
1·31 1'31 1'31
2'76 4060 8·51
5·50 5·29 12·40
8·05 5·75 16·10
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